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The Department of Energy is responding to Section 1302 of Title XllII of the Energy
Independence and Security Act (EISA), which directs the Secretary of Energy to report to
Congress concerning the status of smart grid deployments nationwide and any regulatory or
government barriers to continued deployment. This document is the second installment of this
report to Congress, which is to be updated biennially.

The 2010 Smart Grid System Report (SGSR) to Congress explores the current status of smart
grid development, its future prospects, and the technical and financial obstacles to progress. It
also outlines the scope of a smart grid, assesses the stakeholder landscape and provides several
recommendations for future reports.

A smart grid uses digital technology to improve the reliability, security, and efficiency of the
electricity system: from large generation through the delivery systems to electricity consumers
and a growing number of distributed generation and storage resources. The information
networks that are transforming our economy in other areas are also being applied to
applications for dynamic optimization of electricity system operations, maintenance, and
planning. Resources and services that had been separately managed are now being integrated
and re-bundled as we address traditional problems in new ways, adapt the system to tackle
new challenges, and discover new benefits that have transformational potential.

The report concludes that near-term progress in smart grid deployments has been
significant due primarily to the investments made under the American Recovery and
Reinvestment Act (ARRA) of 2009. The far-reaching impacts of ARRA include: funding a $2.4
billion program designed to establish 30 manufacturing facilities for electric vehicle batteries
and components, funding the deployment of 877 phasor measurement units, $812.6 million in
federal grant awards for advanced metering infrastructure deployments, and the provision of
$7.2 billion to expand broadband access and adoption. The report also highlights other
significant developments occurring since the last SGSR that have resulted in progress toward
achieving a smart grid. Pursuant to statutory requirements, this report is being provided to the
following Members of Congress:



¢ The Honorable Joseph Biden
President of the Senate

¢ The Honorable John Boehner
Speaker of the House of Representatives

¢ The Honorable Daniel K. Inouye
Chairman, Senate Committee on Appropriations

® The Honorable Thad Cochran
Ranking Member, Senate Committee on Appropriations

* The Honorable Hal Rogers
Chairman, House Committee on Appropriations

® The Honorable Norm Dicks
Ranking Member, House Committee on Appropriations

¢ The Honorable Fred Upton
Chairman, House Committee on Energy and Commerce

® The Honorable Henry A. Waxman
Ranking Member, House Committee on Energy and Commerce

¢ The Honorable Edward Whitfield
Chairman, Subcommittee on Energy and Power
House Committee on Energy and Commerce

* The Honorable Bobby Rush

Ranking Member, Subcommittee on Energy and Power
House Committee on Energy and Commerce

* The Honorable Jeff Bingaman
Chairman, Senate Committee on Energy and Natural Resources

® The Honorable Lisa Murkowski
Ranking Member, Senate Committee on Energy and Natural Resources

If you have any questions or need additional information, please contact me or Mr. Robert
Tuttle, Office of Congressional and Intergovernmental Affairs, at (202) 586-5450.

Sincerely,

Gl @ Kilogins

Patricia A. Hoffman, Assistant Secretary
Office of Electricity Delivery and Energy Reliability
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Executive Summary

Section 1302 of Title XIlII of the Energy Independence and Security Act (EISA) of 2007 directs
the Secretary of Energy to “...report to Congress concerning the status of smart grid
deployments nationwide and any regulatory or government barriers to continued deployment.”
This document is the second installment of this biennial report.

A smart grid uses digital technology to improve the reliability, security, and efficiency of the
electricity system, from large generation through the delivery systems to electricity consumers.
Smart grid deployment covers a broad array of electricity system capabilities and services
enabled through pervasive communication and information technology, with the objective of
improving reliability, operating efficiency, resiliency to threats, and our impact on the
environment.

Near-term progress in smart grid deployments has been significant due primarily to the
investments made under the American Recovery and Reinvestment Act (ARRA) of 2009,
including:

¢ providing $4.5 billion in awards for all programs described under Title XIIl (111 USC 405)

e funding a $2.4 billion program designed to establish 30 manufacturing facilities for electric
vehicle batteries and components

¢ funding the deployment of 877 phasor measurement units

e providing $812.6 million in federal grant awards for advanced metering infrastructure
deployments

e providing $7.2 billion to expand broadband access and adoption
Recent progress toward achieving a smart grid also includes the following:

® There are now 29 states that have renewable portfolio standards.

® Distributed resource interconnection policies have been either implemented or expanded in
14 states since 2008, thus promoting the advancement of distributed generation
technologies.

® |ncentives to purchase and own electric vehicles and plug-in hybrid electric vehicles are
either planned or provided in 21 states.

e The National Institute of Standards and Technology published the first release of the
framework for smart grid interoperability standards and guidelines for smart grid cyber
security.

With the aforementioned progress noted, significant challenges to realizing smart grid
capabilities persist. Foremost among these are the challenges tied to the value proposition and
the capital required to purchase the new technologies envisioned for communicating
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information between end-users, energy providers, and distribution and transmission providers.
These and other challenges are explored in this report, as are recommendations for enhancing
future smart grid system reports.
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Acronyms and Abbreviations

AC
ACES
AEO
AEP
AMI
AMR
ARPA-E
ARRA
ATVM
BA
BAT
BAU
BCCS
BES
BEV
BGE
BPA
CAES
CAIDI
CAISO
CAPEX
CBL
CCET
CCS
CEC
CERTS
CES
CHP
CIM
CIP
CL&P

Auditably Compliant, alternating current
American Clean Energy and Security Act
Annual Energy Outlook

American Electric Power

advanced metering infrastructure

automated meter reading

Advanced Research Projects Agency-Energy
American Recovery and Reinvestment Act
Advanced Technology Vehicle Manufacturing
balancing authority

best available technology

business-as-usual

Base Case Coordination System

bulk electricity system

battery electric vehicle

Baltimore Gas and Electric

Bonneville Power Administration
compressed-air energy storage system
Customer Average Interruption Duration Index
California Independent System Operator
capital expenditures

customer baseline load

Center for the Commercialization of Electric Technologies
carbon capture and sequestration

California Energy Commission

Consortium for Electric Reliability Technology Solutions
community energy storage

combined heat and power

common information model

critical infrastructure protection

Connecticut Light and Power
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CMM
CMMI
Co,
CPP
DER
DG
DHS
DLC
DLR
DMS
DoD
DOE
DOE-OE

DSIRE
DSM
DTCR
DTE
EEI
EHV
EIA
EIPP
EISA
EMS
EPA
EPACT 2005
EPRI
ERCOT
EV

FCC
FERC
FRCC
FY

GE

Capability Maturity Model

Capability Maturity Model for Software Integration
carbon dioxide

critical-peak pricing

distributed energy resources
distributed generation

Department of Homeland Security
direct load control

dynamic line ratings

distribution management system
United States Department of Defense
United States Department of Energy

United States Department of Energy Office of Electricity Delivery and
Energy Reliability

Database of State Incentives for Renewable Energy
demand-side management

Dynamic Thermal Circuit Rating

DTE Energy Company

Edison Electric Institute

extra-high voltage

Energy Information Administration

Eastern Interconnection Phasor Pilot

Energy Independence and Security Act of 2007
energy management system

United States Environmental Protection Agency
Energy Policy Act of 2005

Electric Power Research Institute

Electric Reliability Council of Texas

electric vehicle

Federal Communications Commission

Federal Energy Regulatory Commission

Florida Reliability Coordinating Council

fiscal year

General Electric Company
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GWAC
GWh
HAN
HECO
HVAC
IED
IEEE
INL
[e]V,
IREC
ISO
ISO-NE

KCP&L
kW
kWh
LBNL
LG&E
LRAM
LUF
MAIFI
MAPP
MRO
MSRP
MW
MWh
NARUC
NASPI
NEHTA
NEMS
NERC
NESC
NETL
NIST

DOE’s GridWise" Architecture Council
gigawatt-hours

home area network

Hawaiian Electric Company, Inc.

Heating, Ventilation, & Air Conditioning
intelligent electronic device

Institute of Electrical and Electronics Engineers
Idaho National Laboratory

investor-owned utility

Interstate Renewable Energy Council
independent system operator

Independent System Operator — New England
information technology

Kansas City Power and Light

kilowatt

kilowatt-hour

Lawrence Berkley National Laboratory
Louisville Gas and Electric

lost revenue adjustment mechanism

line under-frequency

Momentary Average Interruption Frequency Index
Mid-Atlantic Power Pathway

Midwest Reliability Organization
manufacturer’s suggested retail price
megawatts

megawatt-hours

National Association of Regulatory Utility Commissioners
North American SynchroPhasor Initiative
National E-Health Transition Authority (Australia)
National Energy Modeling System

North American Electric Reliability Corporation
National Electric Safety Code

National Energy Technology Laboratory

National Institute of Standards and Technology
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NNEC
NPCC
NRDC
NSF
NTIA
NYISO
OEM
ORNL
OwWL
PDC
PG&E
PHEV
PIM
PM
PMU
PNNL
PQ
PSC
PTC
PUC
PUCT
PV
R&D
RC
RDC
RDF
RES
RFC
RMS
ROI
RPS
RTEP
RTO
RTP

Network for New Energy Choices
Northeast Power Coordinating Council
Natural Resources Defense Council
National Science Foundation

National Telecommunications and Information Administration
New York Independent System Operator
original equipment manufacturer

Oak Ridge National Laboratory

Web Ontology Language

phasor data concentrators

Pacific Gas and Electric Company
plug-in hybrid electric vehicles

PJM Interconnection, Inc.

particulate matter

phasor measurement units

Pacific Northwest National Laboratory
power quality

public service commission

production tax credit

public utility commission

Public Utility Commission of Texas
photovoltaic systems

research and development

reliability coordinator

Resource Dynamics Corporation
Resource Description Framework
renewable energy source

Reliability First Corporation
root-mean square

return on investment

renewable portfolio standards
regional transmission expansion plan
regional transmission operator

real-time pricing
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RUS
SAIDI
SAIFI
SAR
SCADA
SCE

SEI
SERC
SGIG
SGIMM
SGIP
SGSR
SPP
SUvV
T&D
B

TLR
TOP
TOU
TRANSCO
TRE
TVA
TWh
UMTRI
u.s.
USDA
V2G
VAR
VMT
WAMS
WECC
WISP

Rural Utility Service

System Average Interruption Duration Index
System Average Interruption Frequency Index
Standard Authorization Request
Supervisory Control and Data Acquisition
Southern California Edison

Software Engineering Institute

Southeast Reliability Corporation

Smart Grid Investment Grant

Smart Grid Interoperability Maturity Model
Smart Grid Investment Program, Self-Generation Incentive Program
Smart Grid System Report

Southwest Power Pool

sport utility vehicle

transmission and distribution

terabytes

transmission loading relief

transmission operators

time-of-use pricing

transmission-only companies

Texas Regional Entity

Tennessee Valley Authority

terawatt hours, trillion watt hours
University of Michigan Transportation Research Institute
United States of America

United States Department of Agriculture
vehicle-to-grid

volt-amps reactive

vehicle miles traveled

wide area measurement system

Western Electricity Coordinating Council

Western Interconnection Synchrophasor Program
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1.0 Introduction

Section 1302 of Title XIII of the Energy Independence and Security Act of 2007 (EISA) directs
the Secretary of Energy to, “...report to Congress concerning the status of smart grid
deployments nationwide and any regulatory or government barriers to continued deployment”
(120 USC 1302). The first Smart Grid System Report (SGSR) was published in July 2009. This

document represents the second installment of this report to Congress, which is to be updated
biennially.

1.1 Objectives

The objective of Title XIIl is to support the advancement of the Nation’s electricity system,
to maintain a reliable and secure infrastructure that can meet future load growth and achieve
the characteristics of a smart grid. The SGSR is to provide the current status of smart grid
development, the prospects for its future, and the obstacles to progress. In addition to
providing the state of smart grid deployments, the legislation includes the following
requirements and recommendations:

® Report the prospects of smart grid development, including costs and obstacles.
¢ |dentify regulatory or government barriers.
® May provide recommendations for state and federal policies or actions.

® Take a regional perspective.

The first SGSR set the framework for future reports, as originally defined in Section 1302 of
Title XIll of EISA. This report, while retaining the original framework, goes into greater detail by
expanding the number of metrics explored in the report and using the baseline established in
the 2009 SGSR to update smart grid related progress. Figure 1.1 provides a pictorial view of the
many elements of the electricity system touched by smart grid concerns. The 21 metrics
evaluated in this report touch every element identified in the figure, from the accommodation
of all generation and energy options to the integration of end-user equipment, including
electric vehicles (EVs), smart appliances, and distributed generators.
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System Coordination

Transmission Situation Assessment

Automation

i System

R bl __" Distribution - Operations

i Automation

Integration

Energy
Efficiency
Demand Participation
Signals & Options
Smart Appliances | Distributed

PrEYs, & Storage | Generation & Storage

Figure 1.1. Scope of Smart Grid Concerns

1.2 Scope of a Smart Grid

A smart grid uses digital technology to improve the reliability, security, and efficiency of the
electricity system. Due to the vast number of stakeholders and their various perspectives,
there has been debate on a definition of a smart grid that addresses the special emphasis
desired by each participant. This report retains the definition established in the 2009 SGSR, as
outlined in the remainder of this section.

The following areas arguably represent a reasonable partitioning of the electricity system
that covers the scope of smart grid concerns. To describe the progress being made in moving
toward a smart grid, one must also consider the interfaces between elements within each area
and the systemic issues that transcend areas. The areas of the electricity system that cover the
scope of a smart grid include the following:
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® Area, regional and national coordination regimes: A series of interrelated, hierarchical
coordination functions exists for the economic and reliable operation of the electricity
system. These include balancing areas (BAs), independent system operators (ISOs), regional
transmission operators (RTOs), electricity market operations, and government emergency-
operation centers. Smart grid elements in this area include collecting measurements from
across the system to determine system state and health, and coordinating actions to
enhance economic efficiency, reliability, environmental compliance, or response to
disturbances.

e Distributed-energy resource technology: Arguably, the largest “new frontier” for smart grid
advancements, this area includes the integration of distributed generation (DG), storage,
and demand-side resources for participation in electricity system operation. Smart
appliances and EVs will become important components of this area, as are renewable-
generation components such as those derived from solar and local wind sources.
Aggregation mechanisms of distributed energy resources (DER) are also considered.

® Delivery transmission and distribution (T&D) infrastructure: this represents the delivery
part of the electricity system. Smart grid items at the transmission level include substation
automation; dynamic limits; relay coordination; and the associated sensing, communication,
and coordinated action. Distribution-level items include distribution automation (such as
feeder-load balancing, capacitor switching, and restoration) and advanced metering (such
as meter reading, remote-service enabling and disabling, and demand-response gateways).

e Central generation: generation plants already contain sophisticated plant automation
systems because the production cost savings provide clear signals for investment. While
technological progress in automation continues, the change is expected to be incremental
rather than transformational, and therefore, this area is not emphasized as part of this
report.

¢ Information networks and finance: information technology and pervasive communications
are cornerstones of a smart grid. Though the information network requirements
(capabilities and performance) will be different in different areas, their attributes tend to
transcend application areas. Examples include interoperability and the ease of integration
of automation components, as well as cyber security concerns. Information-technology-
related standards, methodologies, and tools also fall into this area. In addition, the
economic and investment environment for procuring smart-grid-related technology is an
important part of the discussion concerning implementation progress.

Section 1301 of EISA identifies characteristics of a smart grid. The National Energy
Technology Laboratory (NETL) Modern Grid Initiative provides a list of smart grid attributes in
What is the Smart Grid? (Miller 2008). These characteristics were used to help organize a
workshop sponsored by the U.S. Department of Energy (DOE) on “Implementing the Smart
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Grid” (OE 2008). The results of that workshop were used to organize the reporting of smart
grid progress around six characteristics:

Enabling Informed Participation by Customers
Accommodating All Generation & Storage Options
Enabling New Products, Services, & Markets
Providing Power Quality for the Range of Needs
Optimizing Asset Utilization & Operating Efficiency

Operating Resiliently: Disturbances, Attacks, & Natural Disasters.

These characteristics were retained from the 2009 SGSR.

1.3 Stakeholder Landscape

Some aspect of the electricity system touches every person in the Nation. The smart grid

stakeholder landscape is complex, as demonstrated in Figure 1.2. The lines of distinction are
not always crisp, as corporations and other organizations can take on the characteristics and
responsibilities of multiple functions.

Stakeholders include the following:
end users (consumers): industrial, commercial, residential

electricity service retailers: regulated and unregulated electricity and other service
providers (including service and resource aggregators)

distribution-service providers: generally electricity distribution utilities (public and private)

transmission providers: generally electricity transmission owners and operators (public and
private)

balancing authorities

generation and demand wholesale-electricity traders/brokers

wholesale market operators

reliability coordinators including the North American Electric Reliability Corporation (NERC)
products and services suppliers including information technology (IT) and communications

local, state, and federal energy policymakers (regulators, legislators, executives, and related
offices)

policy advocates (consumer groups, trade organizations, environmental advocates)
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e standards organizations
® research organizations

¢ the financial community.

The major stakeholder groups are referenced throughout the report as appropriate to the
topic in question.

Supporting Organizations

+ Product and service suppliers
« Policymakers and regulators Operational Stakeholders
» Policy advocates

+ Standards organizations
» Financial community

Gen/Load
Wholesalers

Wholesale

Market Operators
Energy Service
Retailers

End Users: -
Industrial Transmission

Commercial Providers
Residential

Reliability
Distribution Coordinators
Providers

Balancing
Authorities

Figure 1.2. Stakeholder Landscape

1.4 Regional Influences

Different areas of the country have distinctions with regard to their generation resources,
their business economy, climate, topography, environmental concerns, and public policy.
These distinctions influence the picture for smart grid deployment in each region, provide
different incentives, and pose different obstacles for development. The major regions of the
country can be divided into the 10 NERC reliability regions (see Figure 1.3) (EPA 2008a). The
Environmental Protection Agency (EPA) further subdivides these into 26 sub-regions (see EPA
map, Figure 1.4), and each of these regions has its distinctive state and local governments.

Smart Grid System Report| Page 5



Department of Energy February 2012

Regional factors are woven into various aspects of the report, including the smart grid
deployment metrics, deployment attributes, trends, and obstacles. Discussion will target the
states and major NERC reliability regions.

Figure 1.3. NERC Region Representation Map

Figure 1.4. EPA eGRID Subregion Representational Map
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1.5 What’'s New in this Report

In May of 2010, the Pacific Northwest National Laboratory (PNNL) solicited stakeholder
feedback on the SGSR by hosting a series of webinars. At these webinars, which are discussed
in greater detail in Section 2.1 of this report, stakeholders provided input regarding the metrics
used in the SGSR. Based on the input received from those webinars, a small number of changes
were made to the 2010 SGSR:

® An additional metric [Metric 21-Grid-Connected Renewable Resources] has been added
that measures the generation levels associated with grid-connected renewable resources
and the displaced carbon dioxide (CO2) emissions attributed to their presence.

e Several metrics [Metrics 6—Load Served by Microgrids, 9—Grid-Responsive Non-Generating
Demand-Side Equipment, 16-Dynamic Line Ratings, , and 19—-Open Architecture/Standards]
were deemed to be both nascent and not readily measurable given current data
constraints. In each case, the decision was made to keep the metric, monitor progress, and
re-evaluate it prior to including it in future SGSRs. Each metric addressed an area that was
viewed as having significant but as yet unrealized potential.

In addition, DOE’s Energy Advisory Committee and their Smart Grid Subcommittee were
consulted along with the inter-agency Smart Grid Task Force that includes representatives from
the National Institute of Standards and Technology (NIST), the Federal Energy Regulatory
Commission (FERC), the Department of Homeland Security (DHS), and EPA, among others.

Unlike the first SGSR, this report does include impacts related to the American Recovery and
Reinvestment Act of 2009 (ARRA). EISA provided incentives for electricity companies to
undertake smart grid investments. Section 1306 authorized the Secretary of the U.S. DOE to
establish the Smart Grid Investment Matching Grant Program (SGIG), which was designed to
provide reimbursement for up to 20 percent of an electricity service provider’s investment in
smart grid technologies. In 2009, ARRA altered sections 1306 and 1307 of Title XllI, providing
100 percent matching grants and designating $4.5 billion in awards for all programs described
under Title XIII (111 USC 405). To date, the SGIG program has awarded grants to 99 recipients,
including private companies, service providers, manufacturers, and cities, with total public-
private investment amounting to over $8 billion (DOE 2009a). The impacts of ARRA on the
metrics measured in the SGSR are far-reaching and include the following:

* ARRA funded the deployment of 877 phasor measurement units (PMUs), expanding the
prior nationwide network of 200 by more than 400 percent [Metric 2—Real-time System
Operations Data Sharing] (Overholt 2010).

* ARRA funded the Center for the Commercialization of Electric Technologies (CCET) Smart
Grid Demonstration Project, a demonstration-scale microgrid project in Texas [Metric 6—
Load Served by Microgrids].
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ARRA includes a $2.4 billion program designed to establish 30 manufacturing facilities for
electric vehicle batteries and components [Metric 8—Electric Vehicles and Plug-in Hybrid
Electric Vehicles]. This funding is in addition to the aforementioned $4.5 billion in awards
made under ARRA.

Federal grant awards for advanced metering infrastructure (AMI) deployments under ARRA
total $812.6 million to date, with total project values reaching over $2 billion [Metric 12—
Advanced Meters] (DOE 2010a).

ARRA included several provisions that will strengthen the nation’s broadband network.
ARRA provided $7.2 billion in funding to support grant and loan programs administered by
the National Telecommunications and Information Administration (NTIA) and the U.S.
Department of Agriculture’s (USDA’s) Rural Utilities Service (RUS) program, that are
designed to expand broadband access and adoption. ARRA also directs the Federal
Communications Commission (FCC) to develop and submit to Congress a National
Broadband Plan designed to measure progress toward the goal of providing access to
broadband capability across the U.S. Expanded access to broadband networks supports
several metrics [Metric 1-Dynamic Pricing, Metric 2—Real-time System Operations Data
Sharing, Metric 12—Advanced Meters] by enhancing the speed at which information can be
uploaded and shared between systems.

Other significant developments affecting the deployment trends reported in the 2010 SGSR

include:

There are 29 states that now have renewable portfolio standards, which include specific
percentage goals to lower fossil fuel consumption by incorporating energy efficiency goals
and renewable energy generation. These standards have promoted smart grid deployment
by expanding or creating new policies for distributed resource interconnection, net
metering, energy efficiency programs, and regulatory recovery for smart grid investments.

NIST released the first phase of a three-phase plan that aims to align smart grid standards.
The document, NIST Framework and Roadmap for Smart Grid Interoperability Standards
(NIST 2010), initially identified sixteen priority plan areas for smart grid standardization
including an initial plan for cyber security.

NIST has identified the following five foundational families of standards, which are
fundamental to smart grid interoperability:

— International Electrotechnical Commission (IEC) 61970 and IEC 61968: Provides a
common information model (CIM) necessary for exchanges of data between devices and
networks, primarily in the transmission (IEC 61970) and distribution (IEC 61968)
domains

— |EC 61850: Facilitates substation automation and communication as well as
interoperability through a common data format
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— |EC 60870-6: Facilitates exchanges of information between control centers

— |EC62351: Addresses the cyber security of the communication protocols defined by the
preceding IEC standards.

* ARRA projects and data being collected for reporting and analysis will aid future SGSRs.

¢ The Energy Information Administration (EIA) was funded by ARRA to expand data collection
for the smart grid. DOE has been coordinating with the EIA to make sure that the expanded
information assists future SGSRs.

® Distributed resource interconnection policies have been either implemented or expanded in
14 states since 2008. As of June 2010, 39 states, Washington, D.C., and Puerto Rico have
adopted variations of an interconnection policy. The USDA’s RUS Loan Program requires all
existing borrowers to have a current and publicly available policy regarding the
interconnection of distributed resources. RUS borrowers (this does not include grant
recipients) serve customers in 44 states.

¢ Incentives for purchasing and owning EVs and plug-in hybrid electric vehicles (PHEVs) are
either planned or provided in 21 states.1 For example, Arizona lowers licensing fees for EVs,
and California offers rebates of up to $5,000 for battery electric vehicles (BEVs), $3,000 for
PHEVs, and $1,500 for electric motorcycles. Oregon recently put $5,000 tax credits in place
to offset conversion or purchase costs for PHEVs, and allows $1,500 tax credits for BEVs.
These incentives are in addition to federal tax credits of $2,500 to $7,500 for EVs and
PHEVs, depending on battery size.

1.6 About This Document

The SGSR is organized into a main body and two supporting appendices. The main body
discusses the metrics chosen to provide insight into the progress of smart grid deployment
nationally. The measurements resulting from research into the metrics are used to convey the
state of smart grid progress according to six characteristics derived from the NETL Modern Grid
Initiative’s work in this area and discussions at the DOE Smart Grid Implementation Workshop.
The main body of the report also summarizes the barriers to smart grid deployment, including
technical, business, and financial challenges, and concludes with a set of recommendations for
improving future SGSRs. Appendix A presents a discussion of each of the metrics chosen to
help measure the progress of smart grid deployment. Appendix B summarizes the results of
interviews with electricity service providers chosen to represent a cross section of the nation in
terms of size, location, and type of organization (e.g., public or private company, rural electric
cooperative).

' The PHEV is a hybrid electric vehicle with batteries that can be recharged when plugged into an electric wall
outlet and an internal combustion engine that can be activated when batteries require recharging.

Smart Grid System Report| Page 9



Department of Energy February 2012

Finally, DOE conducts active R&D programs on many grid-related technologies, including
predictive computational modeling, power electronics, grid-scale energy storage systems, and
energy systems cybersecurity. Similarly, DOE conducts active R&D programs on electric-
generation and -consumption technologies, such as solar PV, hydropower, electric vehicles, and
energy-efficient appliances. While this report addresses metrics related to the deployment of
many of these technologies in the US energy system infrastructure, it does not include a
discussion of DOE technology R&D programs related to the electric grid.
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2.0 Deployment Metrics and Measurements

The scope of smart grid functionality extends throughout the electricity system and its
supply chain. To measure the status of smart grid deployments, multiple metrics were chosen
as indicators for examining smart grid progress. Although these metrics do not
comprehensively cover all aspects of a smart grid, they were chosen to address a balance of
coverage in significant functional areas and to support the communication of its status through
a set of smart grid attributes that have been formed through workshop engagements with
industry.

2.1 Smart Grid Metrics

On June 19-20, 2008, the U.S. Department of Energy brought together 140 experts,
representing the various smart grid stakeholder groups, at a workshop in Washington, DC. The
objective of the workshop was to identify a set of metrics for measuring progress toward
implementation of smart grid technologies, practices, and services. Breakout sessions for the
workshop were organized around seven major smart grid characteristics as developed through
another set of industry workshops sponsored by the NETL Modern Grid Strategy (Miller 2008).
The results of the workshop document over 50 metrics for measuring smart grid progress
(DOE 2008). Having balanced participation across the diverse electricity system stakeholders is
important for deriving appropriate metrics and was an important objective for selecting
individuals to invite to the workshop.

The workshop described two types of metrics: build metrics that describe attributes that
are built in support of smart grid capabilities, and value metrics that describe the value that
may be derived from achieving a smart grid. While build metrics tend to be easily quantifiable,
value metrics can be influenced by many developments and therefore generally require more
qualifying discussion. Both types are important to describe the status of smart grid
implementation.

After reviewing the workshop results, distilling the recorded ideas and augmenting them
with additional insights provided by the research team, 20 metrics were defined for the 2009
SGSR. In re-examining the original metrics, the research team viewed the 2010 SGSR as an
opportunity to slightly revise rather than overhaul the original metrics. In refining the SGSR
metrics based on lessons learned from the 2009 SGSR, an emphasis was placed on maintaining
consistency for the sake of data continuity.

To solicit stakeholder input regarding ideas for refining the metrics presented in the SGSR, a
series of stakeholder webinars was held by PNNL from May 17th through May 20th, 2010. The
webinars were attended by 54 experts representing electricity service providers, standards
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organizations, smart grid demonstration projects, distribution service providers,
telecommunications companies, products and services suppliers, and policy advocacy groups.
The webinars were designed to register feedback regarding metric definition/refinement, data
sources/availability, identification of relevant stakeholder groups, and regional influences. In
reviewing the webinar results, several key messages were identified:

® Most metrics in the 2009 SGSR are well structured and relevant but some are in need of
modification — e.g., metrics regarding cyber security, supervisory control and data
acquisition (SCADA) points, and venture capital funding.

® There are several sources that could be used to close data gaps present in the 2009 SGSR,
including data available through the National Association of Regulatory Utility
Commissioners (NARUC) and state regulators, ARRA projects, expanded data collection
through the EIA, the Smart Grid Maturity Model, and the Database of State Incentives for
Renewable Energy (DSIRE).

o Numerous metrics were identified as relevant but nascent.

¢ A small number of metrics suffer from poor definition — e.g., metrics regarding microgrids
and regulatory recovery.

¢ Many additional stakeholders were identified.

® The 2010 SGSR should consider adding a metric that focuses more on environmental and
emissions-reduction goals.

Based on the input received through the webinars, the nascent metrics will remain in the
report due to their potential as significant indicators of long-term growth in a smarter grid but
will be monitored and re-evaluated for future reports. Further, a metric has been added
regarding the percentage of generation through grid-connected renewable resources and the
displaced CO2 emissions attributed to their presence [Metric 21-Grid-Connected Renewable
Resources].

Table 2.1 lists the 21 metrics used in this report. The table includes four columns to indicate
the metric’s status (penetration level/maturity) and trend for both the 2009 and 2010 SGSRs.
The intent is to provide a high-level, simplified perspective to a complicated picture. Ifitisa
build metric, the penetration level is indicated as nascent (very low and just emerging), low,
moderate, or high; because smart grid activity is relatively new, there are no high penetration
levels to report on these metrics at the present time. If it is a value metric, the maturity of the
system with respect to this metric is indicated as either nascent or mature. Build metrics
describe attributes that are built in support of a smart grid, and value metrics describe the
value that may be derived from achieving a smart grid. The trend (recent past and near-term
projection) is indicated for either type of metric as declining, flat, or growing at nascent, low,
moderate, or high levels. An investigation of the measurements for each metric can be found
in Appendix A of this report.
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Based on the analysis conducted in support of the 2010 SGSR, the following changes have
been made to the status of metrics reported in Table 2.1:

® Metric 2 — The near-term trend for sharing real-time system operations data has been
moved from moderate to high. ARRA investment is expanding the network of PMUs by
877 from the current network of 200 PMUs.

® Metric 3 — The near-term trend for standard distributed-resource interconnection policies
has shifted from moderate to high as 14 states have either implemented new policies or
expanded existing interconnection standards since 2008. As of June 2010, 39 states,
Washington, D.C., and Puerto Rico have adopted variations of an interconnection policy. By
assigning electricity service providers to states based on the location of their headquarters,
it is estimated that roughly 83.9 percent of all electricity service providers in the U.S.
currently have a standard resource interconnection policy in place, compared to 61 percent
in 2008.

e Metric 13 — The current penetration/maturity level for advanced system measurement has
been moved from low to moderate and the near-term trend has been moved to high due to
the aforementioned ARRA-funded PMU projects.

e Metric 18 — Both the penetration/maturity level and the near-term trend associated with
cyber security have been increased from nascent to low because, in 2008, FERC directed
NERC to further tighten the critical infrastructure protection (CIP) standards to provide
external oversight of critical cyber security assets, and removed language allowing variable
implementation of the standards. From 306 CIP violations in July 2008, the number of CIP
violations decreased to 54 in January 2010.

® Metric 19 — The near-term trend was increased from nascent to low because NIST formed
the Smart Grid Interoperability Panel (SGIP) and encouraged smart grid stakeholders from
all organizations associated with electric power to establish this community and advance
interoperability through goals, gap analysis, and prioritized efforts designed to address the
challenges to integration (Widergren et al. 2010). Following a series of stakeholder
workshops, NIST issued Special Publication 1108, the Smart Grid Interoperability Framework
and Roadmap for Smart Grid Interoperability Standards Release 1.0. This document
identified 75 standards that can be applied or adapted to smart grid interoperability or
cyber security needs and identified priority action plans to address 16 standardization gaps
and issues (NIST 2010).

® Metric 21 — The level of renewable resources excluding conventional hydro is approximately
3.5 percent of total generation but is expected to more than quadruple by 2030. Thus, the
current penetration/maturity level assigned to this metric is low while the trend is
moderate.
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Table 2.1. Summary of Smart Grid Metrics and Status

2009 SGSR 2010 SGSR
Penetration / Penetration /
Metric Title (type: build or value) Maturity Trend Maturity Trend
Area, Regional, and National Coordination Regime
Dynamic Pricing (build): fraction of customers and total load served by RTP, low moderate low moderate
CPP, and TOU tariffs.
Real-time System Operations Data Sharing (build): total SCADA points moderate moderate moderate high

shared and fraction of phasor measurement points shared.

Distributed-Resource Interconnection Policy (build): percentage of moderate moderate moderate high
electricity service providers with standard distributed-resource
interconnection policies and commonality of such policies across electricity
service providers.

Policy/Regulatory Progress (build): weighted-average percentage of smart moderate moderate
grid investment recovered through rates (respondents’ input weighted
based on total customer share).

Distributed-Energy-Resource Technology

Load Participation Based on Grid Conditions (build): Fraction of load served
by interruptible tariffs, direct load control, and consumer load control with
incentives.

Load Served by Microgrids (build): the percentage of total summer grid nascent nascent
capacity.

Grid-Connected Distributed Generation (renewable and non-renewable) and low low
Storage (build): percentage of distributed generation and storage.

EVs and PHEVs (build): percentage shares of on-road light-duty vehicles nascent nascent
comprising EVs and PHEVs.

Grid-Responsive Non-Generating Demand-Side Equipment (build): total load nascent nascent
served by smart, grid-responsive equipment.
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Table 2.1. (contd)

2009 SGSR 2010 SGSR
Penetration / Penetration /
# Metric Title (type: build or value) Maturity Trend Maturity Trend
Delivery (T&D) Infrastructure
10 | T&D System Reliability (value): SAIDI, SAIFI, MAIFI. mature declining mature declining
11 | T&D Automation (build): percentage of substations having automation. moderate high moderate high
12 | Advanced Meters (build): percentage of total demand served by advanced low high low high
metering (AMI) customers.
13 | Advanced System Measurement (build): percentage of substations low moderate moderate high
possessing advanced measurement technology.
14 | Capacity Factors (value): yearly average and peak-generation capacity mature mature
factor.
15 | Generation and T&D Efficiencies (value): percentage of energy consumed to mature improving mature improving
generate electricity that is not lost.
16 | Dynamic Line Ratings (build): percentage miles of transmission circuits being nascent low nascent low
operated under dynamic line ratings.
17 | Power Quality (value): percentage of customer complaints related to power declining declining
quality issues, excluding outages.
Information Networks, Finance, and Renewable Energy
18 | Cyber Security (build): percent of total generation capacity under nascent nascent
companies in compliance with the NERC Critical Infrastructure Protection
standards.
19 | Open Architecture / Standards (build): Interoperability Maturity Level —the nascent nascent nascent
weighted average maturity level of interoperability realized between
electricity system stakeholders.
20 | Venture Capital (value): total annual venture-capital funding of smart grid nascent high nascent high
startups located in the U.S.
21 | Grid-Connected Renewable Resources (build): percent of renewable low moderate

electricity, both in terms of generation and capacity.

RTP = real-time pricing; CPP = critical-peak pricing; TOU = time of use pricing; SAIDI = System Average Interruption Duration Index; SAIFI = System
Average Interruption Frequency Index; MAIFI = Momentary Average Interruption Frequency Index
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2.2 Smart Grid Characteristics

The 21 metrics are used to describe deployment status as organized around the six major
characteristics of a smart grid identified in Table 2.2.

Table 2.2. Smart Grid Characteristics

Characteristic Description

Resiliently to
Disturbances,
Attacks, &
Natural
Disasters

1. Enables Consumers become an integral part of the electric power system. They help balance supply
Informed and demand and support reliability by modifying the way they use and purchase electricity.
Participation These modifications come as a result of consumers having choices that motivate different
by Customers purchasing patterns and behavior. These choices involve new technologies, new

information about consumers’ electricity use, and new forms of electricity pricing and
incentives.

2. Accommodate | A smart grid accommodates not only large, centralized power plants, but also the growing
s All array of distributed energy resources (DER). DER integration will increase rapidly all along
Generation & the value chain, from suppliers to marketers to customers. Those distributed resources will
Storage be diverse and widespread, including renewables, distributed generation and energy
Options storage.

3. Enables New Markets that are correctly designed and operated efficiently reveal cost-benefit tradeoffs to
Products, consumers by creating an opportunity for competing services to bid. A smart grid accounts
Services, & for all of the fundamental dynamics of the value/cost relationship. Some of the
Markets independent grid variables that must be explicitly managed are energy, capacity, location,

time, rate of change, and quality. Markets can play a major role in the management of
these variables. Regulators, owners/operators, and consumers need the flexibility to modify
the rules of business to suit operating and market conditions.

4. Provides Not all commercial enterprises, and certainly not all residential customers, need the same
Power Quality | quality of power. A smart grid supplies varying grades of power and supports variable
for the Range pricing accordingly. The cost of premium power quality (PQ) features can be included in the
of Needs electricity service contract. Advanced control methods monitor essential components,

enabling rapid diagnosis and precise solutions to PQ events, such as arise from lightning,
switching surges, line faults and harmonic sources. A smart grid also helps buffer the
electricity system from irregularities caused by consumer electronic loads.

5. Optimizes A smart grid applies the latest technologies to optimize the use of its assets. For example,
Asset optimized capacity can be attainable with dynamic ratings, which allow assets to be used at
Utilization & greater loads by continuously sensing and rating their capacities. Maintenance efficiency
Operating involves attaining a reliable state of equipment or “optimized condition.” This state is
Efficiency attainable with condition-based maintenance, which signals the need for equipment

maintenance at precisely the right time. System-control devices can be adjusted to reduce
losses and eliminate congestion. Operating efficiency increases when selecting the least-
cost energy-delivery system available through these adjustments of system-control devices.

6. Operates Resilience refers to the ability of a system to react to events such that problematic elements

are isolated while the rest of the system is restored to normal operation. These self-healing
actions result in reduced interruption of service to consumers and help service providers
better manage the delivery infrastructure. A smart grid responds resiliently to attacks,
whether the result of natural disasters or organized by others. These threats include
physical attacks and cyber attacks. A smart grid addresses security from the outset, as a
requirement for all the elements, and ensures an integrated and balanced approach across
the system.
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2.3 Mapping Metrics to Characteristics

Section 3 of the report describes the status of smart grid deployment using the six
characteristics presented in Table 2.2. A map of how the 21 metrics support the six
characteristics is shown in Table 2.3. Notice that nearly every metric contributes to multiple
characteristics. To reduce the repetition of statements about the metrics, each metric was
assigned a primary characteristic for emphasis. The table indicates the characteristic in which a
metric is emphasized as “emphasis.” The other characteristic cells where a metric plays an
important but not primary role are indicated by “mention.” This should not be interpreted to
be of secondary importance, only that a metric finding is mentioned under the characteristic in
order to reduce redundancy of material in explaining the status of smart grid deployment.
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Metric Name

Table 2.3. Map of Metrics to Smart Grid Characteristics

Accom-
modates All
Generation

& Storage

Options

Provides
Power Quality
for the Range

of Needs

Enables New
Products,
Services, &
Markets

Enables
Informed
Participation
by Customers

Optimizes Asset
Utilization &
Efficient Operation

Operates Resiliently to
Disturbances, Attacks,
& Natural Disasters

1 | Dynamic Pricing Emphasis Mention Mention Mention
2 | Real-Time Data Sharing Mention Emphasis
3 | DER Interconnection Mention Emphasis Mention Mention
4 | Regulatory Policy Emphasis
5 | Load Participation Emphasis Mention Mention Mention
6 | Microgrids Mention Mention Emphasis Mention
7 | DG & Storage Mention Emphasis Mention Mention Mention Mention
8 | Electric Vehicles Mention Mention Emphasis Mention
9 | Grid-responsive Load Mention Mention Mention Mention Emphasis
10 | T&D Reliability Emphasis
11 | T&D Automation Mention Emphasis Mention
12 | Advanced Meters Emphasis Mention Mention Mention
13 | Advanced Sensors Emphasis
14 | Capacity Factors Emphasis
15 | Generation, T&D Efficiency Emphasis
16 | Dynamic Line Rating Emphasis Mention
17 | Power Quality Mention Emphasis
18 | Cyber Security Emphasis
19 | Open Architecture/Stds. Emphasis
20 | Venture Capital Emphasis
21 | Renewable Resources Emphasis Mention Mention Mention
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3.0 Deployment Trends and Projections

Deploying a smart grid is a journey that has been underway for some time, but will
accelerate because of EISA, ARRA, and the recognition of characteristics and benefits collected
and emphasized under the term “smart grid.” Though there has been much debate over the
exact definition, a smart grid comprises a broad range of technology solutions that optimize the
energy value chain. Depending on where and how specific participants operate within that
chain, they can benefit from deploying certain parts of a smart grid solution set. Based on the
identification of deployment metrics, this section of the report presents recent deployment
trends. In addition, it reviews plans of the stakeholders relevant to smart grid deployments to
provide insight about near-term and future directions.

The status of smart grid deployment expressed in this section is supported by an
investigation of 21 metrics obtained through available research, such as advanced metering and
T&D substation-automation assessment reports, penetration rates for energy resources, and
capability enabled by a smart grid. In each section, the emphasis is placed on data and trends
registered since the 2009 SGSR was completed. In each subsection that follows, the metrics
contributing to explaining the state of the smart grid characteristic are called out so the reader
may review more detailed information in Appendix A. The metrics emphasized to explain the
status of a characteristic are highlighted with an asterisk (*).

3.1 Enables Informed Participation by Customers

A part of the vision of a smart grid is its ability to enable informed participation by
customers, making them an integral part of the electric power system. With bi-directional
flows of energy and coordination through communication mechanisms, a smart grid should
help balance supply and demand and enhance reliability by modifying the manner in which
customers use and purchase electricity. These modifications can be the result of consumer
choices that motivate shifting patterns of behavior and consumption. These choices involve
new technologies, new information regarding electricity use, and new pricing and incentive
programs.

A smart grid adds consumer demand as another manageable resource, joining power
generation, grid capacity, and energy storage. From the standpoint of the consumer, energy
management in a smart grid environment involves making economic choices based on the
variable cost of electricity, the ability to shift load, and the ability to store or sell energy.
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Consumers who are presented with a variety of options when it comes to energy purchases
and consumption are enabled to:

® respond to price signals in order to make better-informed decisions regarding when to
purchase electricity, when to generate energy using distributed generation, and whether to
store and reuse it later with distributed storage.

* make informed investment decisions regarding more efficient and smarter appliances,
equipment, and control systems.

Related Metrics
1*, 3,5%,7,8,9,12*,

3.1.1 Grid-Enabled Bi-Directional Communication and Energy Flows

A major element of smart grid implementation projects continues to be the deployment of
advanced meters and their supporting infrastructure, or AMI, with ever-increasing numbers of
service providers completing pilot programs and moving toward full AMI deployment [Metric
12-Advanced Meters]. In addition, ARRA allocated $3.4 billion in grants to invest in smart grid
technologies and electricity transmission infrastructure, with total investment of $8.2 billion
including private sector contributions (DOE 2009a).

Smart grid system implementation relies on a variety of AMI technologies that provide two-
way communication between the customer and electricity service provider. Figure 3.1
illustrates the flow of metering data between the consumer Home Area Network (HAN), AMI
technologies, such as smart meters or gateways, and IT systems. HAN communications access
AMI data and can also serve as the gateway from the electricity service provider to the meter.
This communication system can operate through wired, wireless, open or proprietary networks
and supply/communicate information for a variety of consumer and electricity service provider
applications such as energy awareness, demand response, and DG.
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AMI technology can enable the communication of real-time pricing data, grid conditions,
and consumption information. When smart meters are coupled with other enabling
technologies, such as programmable communicating thermostats and data management
systems, information can be gathered and monitored by both the service provider and
consumer. Such data can enable demand response, dynamic pricing and load management
programs.

The number of advanced meters installed in the U.S. has grown dramatically in recent years
from approximately 0.9 million (0.7 percent of all residential meters) in 2006 to 7.95 million in
2009 (FERC 2009b). AMI deployment schedules have accelerated since the passage of ARRA.
Federal grant awards for AMI deployments under ARRA total $812.6 million to date, with total
project values reaching over $2 billion (DOE 2010a). The states with the most significant AMI
investments under ARRA include Texas, Maryland, Maine, and Arizona; however, projects are
being undertaken by electricity service providers located in 19 states (FERC 2009b).

Data on AMI penetration were obtained from the Cleantech Group (Neichin and Cheng
2010) and the EMeter Corporation. Based on data provided by both sources, AMI deployments
nationwide have expanded to an estimated 16 million in 2010, representing 10.7 percent of
U.S. electricity meters. State public utility commissions (PUCs) have approved an additional
34 million AMI deployments. Installed and approved AMI deployments identified by EMeter
(King 2010) are presented in Table 3.1.
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Table 3.1. Installed and Planned Smart Meters

Installed AMI Approved AMI
Electricity Service # AMI
Provider (V1143 Electricity Service Provider
AEP TX 0.1 M AEP TX 09M
Alliant 0.5M Alliant 0.9M
CenterPoint 0.5M CenterPoint 19M
Delmarva 0.2M Delmarva 0.2M
Exelon 0.2M Exelon 20M
FPL 0.6 M FPL 39M
Idaho Power 0.1M Idaho Power 0.4M
Oncor 13M Oncor 1.7M
PG&E 6.5M PG&E 3.6M
SDG&E 1.4 M SDG&E 1.1M
Southern Company 1.0M Southern Company 3.6M
PPL 1.4M Ez:i:\aonrj Gas and Electric 20M
SCE 1.4 M Bluebonnet 0.1M
PGE 0.8 M Burbank Water & Power 0.1M
AEP OH 0.2M CPS Energy 1.0M
Pepco 0.8 M
SCE 3.6M
SCG 6.0M
Silicon Valley Power 0.1M
TNMP 0.2 M
Westar Energy 0.1M
Total 16.5M Total 342 M

Demand response technologies, which involve bi-directional flows of information between
home equipment and the grid, hold promise for reducing peak demand. An evaluation
conducted by FERC found that demand response technologies hold the potential to reduce
peak demand by 14 to 20 percent by 2019 under achievable and full-participation scenarios,
respectively (FERC 2009a). A significant portion of peak-demand reductions rely on electricity
service providers offering dynamic pricing tariffs, which require enabling technologies such as
smart meters and communicating thermostats [Metric 1-Dynamic Pricing]. Generally, these
tariffs take the following forms:

® Time of use (TOU). Under TOU, prices are differentiated based solely on a peak versus off-
peak period designation, with prices set higher during peak periods. TOU pricing is not
dynamic because it does not vary based on real-time conditions. It is included here, though,
because it is viewed as an intermediate step toward a more dynamic real-time pricing (RTP)
tariff.

e Critical peak pricing (CPP). Under a CPP tariff, the higher critical-peak price is restricted to a
small number of hours (e.g., 100 of 8,760) each year, with the peak price being set at a
much higher level relative to normal conditions.
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e Real-time pricing. Under RTP, hourly prices vary based on the day-of (real time) or day-
ahead cost of power to the electricity service provider.

FERC conducts biennial interviews regarding demand response initiatives, pricing tariffs, and
AMI deployments. In 2008, the FERC questionnaire was distributed to 3,407 organizations in all
50 states. In total, 100 electricity service providers that responded reported offering some
form of RTP tariff to enrolled customers, as compared to 60 in 2006 (Table 3.2). FERC also
found through these interviews that 315 electric service providers nationwide offered TOU
rates, compared to 366 in 2006. In 2008, 241 of the 315 electricity service providers with TOU
rates reported offering those rates to residential customers. In those participating electricity
service providers, approximately 1.3 million customers were signed up for TOU tariffs,
representing 1.1 percent of all residential homes. In 2008, customers were enrolled in CPP
tariffs offered by 88 electricity service providers, as compared to 36 in 2006. The programs
reported in Table 3.2 include those offered to residential, commercial, and industrial
customers.

Table 3.2. Number of Entities Offering and Customers Served by Dynamic Pricing Tariffs

(FERC 2008)
Number of Number of Customers Served
Entities in Entities in Share of
Method of Pricing 2006 2008 Number Total
Real-Time Pricing 60 100 -- --
Critical-Peak Pricing 36 88 -- --
Time-of-Use Pricing 366 315 1,270,000 1.1%

Electricity service providers interviewed for this report were asked two questions related to
dynamic pricing. The first question asked respondents: Do you have dynamic or supply-based
price plans?

® Twelve companies (50 percent) indicated no dynamic price plans were in place.

* Twelve companies (50 percent) indicated they offered TOU plans.

* No companies offered CPP plans.

® One company (4.2 percent) indicated they had both dynamic price plans and the ability to

send price signals to customers.

The respondents were also asked whether their electricity service provider had automated
responses to pricing signals for major energy using devices within the premises. Responses
were as follows:

® Fifteen companies (62.5 percent) indicated there were none.
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e Seven companies (29.2 percent) indicated that automated price signals for major energy
using devices were in the development stage.

e Two companies (8.3 percent) indicated that a small degree of implementation (10 to
30 percent of the customer base) had occurred.

The results of recent voluntary programs suggest that the impact of dynamic pricing could
be significant. In 2008, the Pacific Gas and Electric Company (PG&E) began their residential
SmartRate program, which offered voluntary CPP tariffs to approximately 10,000 customers. By
the end of 2009, over 25,000 customers had signed up for the program (George et al. 2010).
The program raised rates incrementally during the afternoon peak period (2 p.m. to 7 p.m.) up
to as high as $.60 per kWh for residential customers and $.75 per kWh for non-residential
customers (George et al. 2010). The results of the program indicate that the incrementally
higher rates resulted in reductions in peak-period energy use by an average of 15 percent by
residential customers and 7.5 percent by low-income residential customers; average load
reductions increased to 19.2 percent when customers were successfully notified of the event
(George et al. 2010). Participants were offered bill protection, credits and financial incentives
(gift cards) for enrollment.

In the future, as EVs and PHEVs penetrate the U.S. light-duty vehicle market, these
alternative-fuel vehicles could also advance load shifting through their energy storage
capabilities [Metric 8—EVs and PHEVs]. Vehicle-to-grid (V2G) software could be used to perform
several functions while vehicles are connected to the grid: (i) adjust the timing and pace of
charging to meet the needs of the customer while minimizing the demand placed on the grid;
(ii) upload real-time performance data and vehicle information such as the car battery’s size,
current state of charge, elapsed time since the last charge, and vehicle miles traveled (VMT);
and (iii) enable EVs to charge during periods of low demand and return stored energy back to
the grid during peak periods. Several pilot tests are being conducted across the U.S. to examine
various charging management strategies. These tests include:

e |daho National Laboratory (INL) is leading a field test of 57 PHEVs with the objective of
capturing real-time data from vehicles in Washington, Oregon, California, and Hawaii.

e Seattle City Light is operating a field test on 13 Toyota Priuses to examine the impact of a
PHEV fleet deployed in an urban environment.

e Duke Energy, Progress Energy, and Advanced Energy are leading a field test involving the
smart charging of 12 Toyota Priuses to examine the requirements for supporting vehicles as
they roam between service areas (V2 Green 2010).

Charging controls will be necessary to minimize the impact of EVs and PHEVs on electricity
service providers. Off-peak (nighttime) charging will minimize the need for equipment
upgrades on the electrical distribution system. Recent research on the impacts of Level 1
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(120V) and Level 2 (240V) charging on the electricity delivery system points to the potential for
overloading distribution transformers, fuses, switches, and regulators on distribution feeders
depending on the density of early adopters of EVs and PHEVs, particularly when a high
concentration of Level 2 charging is expected (Gerkensmeyer et al. 2010, Onar and Khaligh
2010). In response to this concern, electricity service providers in California (e.g., City of Palo
Alto Utilities and Burbank Water and Power) are working to identify where EVs and PHEVs are
likely to first appear in order to plan for the increased demand in a manner that will reduce the
possibility of an early setback in the effort to enhance EV and PHEV penetration and reduce
petroleum consumption.

In 2008, EIA reported that 9,591 service provider- or customer-owned distributed
generators were grid-connected, representing a total capacity of 12,863 megawatts (MW) (EIA
2008). In addition, EIA reported 12,262 dispersed generators (not grid-connected),
representing 9,773 MW. When compared to 2006 levels, the number of distributed and
dispersed generators has grown by 90.1 percent and 28.6 percent, respectively [Metric 3—
Distributed-Resource Interconnection Policy].

DG has the capacity to help alleviate peak load, provide needed system support during
emergencies, and improve power quality and reliability [Metric 7-Grid-Connected Distributed
Generation]. Service providers that facilitate the integration of these resources and use them
effectively could realize considerable cost savings over the long-term.

Consumer participation in DG can be facilitated with agreed-upon policies for
interconnection to the grid. As of June 2010, 39 states, Washington D.C., and Puerto Rico have
adopted variations of interconnection policies. Since 2008, 14 states have either implemented
new policies or expanded interconnection standards, representing 83.9 percent of electricity
service providers in the U.S. This is an increase of 22.9 percent since the previous SGSR was
released in 2009.

The presence of an interconnection policy, however, does not necessarily indicate that the
policy is favorable to electricity consumers or even equitable to both parties. In 2009, the
Interstate Renewable Energy Council (IREC) and the Network for New Energy Choices (NNEC)
analyzed the favorability of state interconnection standards based on a 14-point numerical
grading system that awarded points for active promotion and deducted points for discouraging
advancement of DER. The grading system designed by IREC and NNEC numerically evaluated
14 policy issues specific to interconnection, including: technological considerations, system
capacity, cost effectiveness, insurance requirements, and timelines (NNEC 2009). Based on
interconnection standards measured by IREC and NNEC, 13 states have policies favorable to
grid interconnection, 15 states have neutral policies and 22 states (including those with no
standard) have unfavorable policies [Metric 3—Distributed-Resource Interconnection Policy].
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3.1.2 Managing Supply and Demand

Simple measures, such as turning off or adjusting water heaters, dishwashers, and heating
and cooling systems, result in load shifting and reduced costs through the smoothing of peak
power consumption throughout the day. With appropriate metering capability in place,
dynamic pricing signals received by customers can enable demand response.

Traditionally, demand participation has principally taken place through interruptible
demand and direct-control load-management programs implemented and controlled by
electricity suppliers. While many organizations (e.g., Electric Reliability Council of Texas
(ERCOT), Public Utility Commission of Texas (PUCT), and ISOs in California and New York) act to
balance and curtail load in order to avoid and manage brownouts and blackouts, load
management participation is very low nationally, as indicated in Figure 3.2.

Figure 3.2 demonstrates that load management has not historically played a strong role in
energy markets. Nationally, load management as a percentage of net summer capacity was
1.3 percent in 2008. The trend has been somewhat volatile over the past decade but has
appeared to follow an upward trend since 2003. According to the EIA, load management in
2008 reached 13,091 MW (EIA 2010f). Thus, less than 2 percent of net summer capacity is
under load management programs [Metric 5-Load Participation Based on Grid Conditions].
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Figure 3.2. National Historic Demand-Response and Load-Management Peak Reduction as a
Percentage of Summer Net Capacity

Despite the load management shares presented in Figure 3.2, FERC forecasts growth in
demand-response programs under its business-as-usual (BAU) case, with peak demand
reductions reaching 38 GW, or 4 percent, by 2019. Demand can also be managed through
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engaging appliances, thermostats, and other equipment that hold the potential to be
responsive to the dynamic needs of the electricity system. Products have emerged and
continue to evolve in this category that either directly monitor or receive communicated
recommendations from system operators. A recent report prepared for the California Energy
Commission notes that 69 percent of California residents have programmable thermostats,
with 36 percent of those capable of two-way communication (Palmgren et al. 2010). Based on
EIA electricity customer data, the forecast penetration rate corresponds to approximately 3.7
million electricity customers in California with communicating thermostats in 2009. Progress is
being made with “smart” appliances as well. Zpryme Research and Consulting projects that the
U.S. smart appliance market will expand from $1.42 billion in 2011 to $5.46 billion in 2015,
representing a nearly 40 percent growth rate. Clothes washers and dryers are expected to
make up 36 percent of the market while refrigerators and freezers are forecast to comprise 24
percent of the market. Further, Whirlpool expects to make all appliances smart grid capable by
2015 (Zpryme Research and Consulting 2010). [Metric 9—Grid-Responsive Non-Generating
Demand-Side Equipment]. Although markets for these products are still nascent, deployment
of smart grid technologies, infrastructure and policies will enhance penetration of demand-
response devices.

Though dynamic-pricing and demand-response programs have historically been responsible
for modest levels of load shifting, current research suggests that there is significant potential
for the programs to manage supply and demand in the future. A recent study sponsored by
EPRI and the Edison Electric Institute (EEI) estimated that 37 percent of the growth in electricity
sales (419 TWh) between 2008 and 2030 could be offset through energy-efficiency programs
and 52 percent of peak demand growth (164 GW of capacity) could be offset by a combination
of energy-efficiency and demand-response programs. More specifically, approximately
2,824 MW of peak demand was forecasted to be offset by 2010 through price-responsive
policies, 13,661 MW of peak demand could be offset through price response by 2020, and
24,869 MW could be offset by 2030. The largest share of the price-response benefits are
forecast to take place in the residential sector (10,838 MW or 43.6 percent of the offset in
2030), with the commercial sector (8,350 MW or 33.6 percent of the offset in 2030) and
industrial sector (5,681 MW or 22.8 percent of the offset) trailing behind (Rohmund et al.
2008). Figure 3.3 illustrates the potential savings from demand-response and energy-efficiency
programs by sector, as estimated by EPRI and EEI.
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Figure 3.3. 2030 Forecast Demand Response and Energy Efficiency Peak Demand Offsets by
Sector

3.2 Accommodating All Generation and Storage Options

Central to the concept of a smart grid is the ability to accommodate a range of diverse
generation types including centralized and distributed generation, as well as diverse storage
options. Using different generation and storage types, a smart grid can better meet consumer
load demand, as well as accommodate intermittent renewable energy technologies.
Specifically, distributed resources can help meet peak demand, supply needed system support
during emergencies, and reduce the costs of power. Accommodating the wide range of options
available to transmission providers, distribution entities, and end users requires an
environment similar to the computer industry’s “plug and play” environment (DOE 2008).

The primary metrics of progress for this characteristic include the amount of grid-connected
DG and storage, progress in connecting diverse generation types, a standard distributed-
resource connection policy, and grid-connected renewable resources. There are a number of
other metrics (e.g., microgrids, electric vehicles, AMI) that also describe the current status of a
smart grid to accommodate all generation and storage options, and these metrics are also
addressed in this section of the report.

Related Metrics
1,3%6,7%8,9,12, 21*.

Measures of DG [Metric 7-Grid-Connected Distributed Generation] and the interconnection
standards policies [Metric 3—Distributed Resource Interconnection Policy] are moving in
positive directions. DG systems are smaller-scale, local power generation (10 MVA or less) that
can be connected to primary and/or secondary distribution voltages as compared to the larger,
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more centralized generation that provides most of the grid’s power (IEEE 2003). Incentives to
promote installation of such systems are becoming more common at the state level. In
November and December 2010 alone, 20 states instituted new incentive policies or expanded
existing ones (DSIRE 2010a). Solar cells, solar thermal electricity systems, wind turbines and
biomass applications are some of the options available to residential and rural consumers.
Batteries, flywheels and thermal storage units that can be used to store energy are also
included in this category.

Other measures that affect this category include dynamic pricing [Metric 1], microgrids
[Metric 6—Load Served by Microgrids], market penetration of EVs and PHEVs [Metric 8], grid-
responsive,